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(Attorney Docket # 279.234US1), file<J/on even date herewith, entitled FLAT 
CAPACITOR FOR AN IMPLANTABLE MEDICAL DEVICE, which is 
incorporated herein by reference in its entirety. 



This application is related to AppHdation Serial Number xx/yyyyyy 




Technical Field 



The present invention concerns implantable medical devices, such as 



defibrillators and cardioverters, particularly structures and methods for capacitors in 
such devices. 



sometimes life-threatening heart rhythms have had miniature heart monitors, 
particularly defibrillators and cardioverters, implanted in their bodies. These 
devices detect onset of abnormal heart rhythms and automatically apply corrective 
electrical therapy, specifically one or more bursts of electric current, to hearts. 

20 When the bursts of electric current are properly sized and timed, they restore normal 
heart function without human intervention, sparing patients considerable discomfort 
and often saving their lives. 

The typical defibrillator or cardioverter includes a set of electrical leads, 
which extend from a sealed housing into the walls of a heart after implantation. 

25 Within the housing are a battery for supplying power, monitoring circuitry for 
detecting abnormal heart rhythms, and a capacitor for delivering bursts of electric 
current through the leads to the heart. 
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Background 

Since the early 1980s, thousands of patients prone to irregular and 




The capacitor may take the form of a flat aluminum electrolytic capacitor. 
This type of capacitor generally includes a stack of flat capacitive elements, with 
each capacitive element including a paper separator between two sheets of 
aluminum foil. The aluminum foil layers are divided into a group of anode layers 
and a group of cathode layers. 
5 The anodes and the cathodes of the capacitor elements are connected 

together to provide a total capacitance. After being connected, the respective anodes 
and cathodes are connected to terminals for being coupled to circuitry outside the 
capacitor case. These internal and external connections can be time-consuming to 
make and can take up valuable space both within and outside the capacitor. 

10 Since defibrillators and cardioverters are typically implanted in the left 

region of the chest or in the abdomen, a smaller size device, which is still capable of 
delivering the required level of electrical energy, is desirable. 

Accordingly, there is a need for capacitor structures and methods of 
manufacture which provide greater process control, less expensive manufacturing, 

15 provide for a design efficiently utilizing space within the capacitor case, and provide 
for a compact capacitor design capable of providing the required pulse of energy for 
use within the implantable device. 



been devised. One capacitor has a capacitor stack positioned in a case with a cathode 
conductor positioned between a cover and the case. In one embodiment, an anode 
conductor is positioned between the cover and the case. In one embodiment a 
cathode conductor is positioned between the cover and an upper rim of the case and 
25 is welded to the cover and case. One or more of these embodiments provide an 
arrangement which reduces the space required for connecting and routing the 
cathode conductor and thus allows a reduction in the size of the capacitor, or 
alternatively an increase in its energy storage capacity. 



20 



Summary 

To address these needs, capacitor structures and assembly methods have 
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One aspect provides a capacitor having a capacitor terminal wire which is 
electrically connected to a capacitor case by welding or brazing an end of the wire to 
the case in an end-on fashion. In one embodiment, the end of the wire is expanded 
so as to be, for example, in the shape of a nailhead. The expanded end presents 
sufficient surface area to enable a mechanically stable connection while minimizing 
5 the size of the footprint of the case within the housing of an implantable medical 
device. 

One aspect provides interconnections between anode and cathode layers 
which are made by round wire connectors that are attached to the individual anode 
and cathode layers. The anode layer wires are connected to one another as they exit 
10 the layers, and the cathode layers are likewise connected together. In some 

embodiments, the wire connectors are gathered into corresponding wire bundles as 
they exit the layers, and the bundles can then be twisted together into a cable that 
can be laid in any direction to be routed through a feedthrough hole to terminal 



in 

~ s connections. 



15 Other facets of the invention include various implantable medical devices, 

such as pacemakers, defibrillators, and cardioverters, incorporating one or more 
novel capacitors, as well as various methods of manufacture. 

Brief Description of Drawing s 

20 Figure/Tis an exploded perspective view of a capacitor according to one 
embodimpfifof the present invention. 

FigurQ^z is a cross sectional view of portions of the capacitive stack of Figure 1. 
Figure<fTs a partial cross sectional view of a capacitor with a cathode conductor 
positionpd between the cover and the case according to one embodiment. 
25 Figure 4 is a partial cross sectional view of a capacitor with the cathode conductor 
attached \6 the cover and the case according to one embodiment. 
Figure o is a partial cross sectional view of a capacitor with the cathode conductor 
welded to the cover and the case according to one embodiment. 
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Figure ^rts a view of a flat capacitor foil with an attached round wire connector 
according to one embodiment. 

Figure 6^is a perspective view of a flat capacitor showing round wire connectors 
for interconnecting anode and cathode plates. 

Figure'/ is a view of a capacitor with an expanded end of a terminal wire attached to 
5 a case according to one embodiment. 

Figure is a later view of a terminal wire attached to a case according to one 
embodiment. 

Figure SE^is a latei>view of a terminal wire attached to a case according to one 
embodiments 

10 Figure yxs a schematic view of one embodiment of an implantable heart monitor 
having an energy storage component incorporating one or more capacitors in 
accordance with the invention. 



Detailed Description 

15 The following detailed description, which references and incorporates the 

figures, describes and illustrates one or more specific embodiments of the invention. 
These embodiments, offered not to limit but only to exemplify and teach the 
invention, are shown and described in sufficient detail to enable those skilled in the 
art to practice the invention. Thus, where appropriate to avoid obscuring the 

20 invention, the description may omit certain information known to those of skill in 
the art. 

Figure 1 shows a perspective view of a capacitor 18 according to one 
embodiment of the present invention. Capacitor 18 includes a capacitor container 
20 including a case 22 and a lid, or cover 24 overlying case 22 for placement on an 
25 upper rim 26 of case 22. Although in one embodiment capacitor 18 has a D shape, 
other embodiments include square, oval, circular, rectangular and other symmetrical 
and asymmetrical shapes. A capacitor stack 28 with a top surface 30 is enclosed by 
container 20 which defines a chamber 32. 
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Capacitor stack 28 includes a plurality of cathode and anode foil layers 
separated by one or more separators. The anode foil layers are connected together 
and coupled to a feedthrough conductor 34. In one embodiment, feedthrough 
conductor 34 passes through a hole in case 22, and conductor 34 is electrically 
isolated from case 22. 

5 The cathode foil layers of stack 28 are connected together and connected to a 

conductor 36. In one embodiment, cathode conductor 36 is a tab strip which is 
integral to one of the cathode layers. In other embodiments, cathode conductor 36 is 
a strip of aluminum tab stock connected to one or more of the cathode foil layers. 
Cathode conductor 36 provides an electrical connection between the cathode layers 
10 and case 22. 

J Figure 2 shows a capacitive element 38 in accord with one embodiment. 

Capacitor stack 28 includes a plurality of generally flat capacitive elements 38. 

3 % 

01 Capacitive element 38 includes foil layers such as cathode layer 40 and anode layers 

42 each of whose electrical elements are connected in parallel. In this embodiment, 
5s 15 anode layers 42 form a triple anode structure. Other embodiments include single, 

jj, double, triple, four, and/or more anode foils. 

^ In one embodiment, the foil layers are etched and/or perforated. The number 

U of capacitive elements determines the capacitance and thickness of the capacitor. 

O 

q Separators 44, such as two or more paper sheets, cover the opposite sides of the 

20 anode layer 42 as well as the opposite sides of cathode layer 40. At the periphery, 
the separators extend slightly beyond the cathode layer and the anode layers to 
prevent electrical shorting due to any misalignment. 

Figures 3-5 show a partial cutaway view of capacitor 18 during respective 
manufacturing stages in accord with one or more embodiments of the present 
25 invention. Capacitor stack 28 includes top surface 30 and a lateral face 46 and 
includes one or more parallel connected capacitive elements, such as capacitive 
element 38 shown on Figure 2. In one embodiment, the anodes of each capacitive 
element have respective tabs (not shown) compressed together and welded at their 



Attorney Docket 279.268US1 



5 



free ends, such as with a YAG laser. The welded tabs are then welded (or otherwise 
fastened or attached) to feedthrough conductor 34 that passes through case 22. (See 
Figure 1). In some embodiments, an unetched, integral portion of each of one or 
more anodes is used to weld or attach the anode layers to one another. 

In one embodiment, cathode tabs are attached or fastened to cathode 
5 conductor 36. As noted above, in some embodiments cathode conductor 36 is an 
integral extension of a cathode foil layer, meaning for example, that the cathode 
conductor and cathode foil layer are formed from a single piece of foil. 

In one embodiment, cathode conductor 36 extends from capacitor stack 28 
and is positioned and pinched between upper rim 26 of case 22 and cover 24. Cover 
10 24 and case 22 form an interface or seam 48 at upper rim 26. Cathode conductor 36 
is positioned in interface 48 between case 22 and cover 24. Cathode conductor 36 is 
pinched between case 22 and cover 24 defining an inner conductor portion 50 and 
pi an outer conductor portion 52. As shown in Figure 4, in one embodiment, at least a 

portion of the outer conductor portion 52 is trimmed off of the cathode conductor 



a 



m 
M 

01 15 36. 
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In some embodiments, cathode conductor 36 is welded into place during the 
base/cover welding process, providing a mechanical and electrical connection to the 
case 22 without a separate connection procedure. In contrast, if the cathode 
conductor is connected to the case in a separate procedure, the extra connection 
20 requires that part of the capacitor stack be removed or the case be enlarged to allow 
space for routing and connecting the conductors, thereby reducing the packaging 
efficiency of the capacitor. The reduced packaging efficiency ultimately results in a 
larger capacitor. In some embodiments, conductor 36 is welded or otherwise 
fastened to the interior or exterior of cover 24 or to the exterior of case 22. 
25 Figure 5 shows a partial cutaway view of exemplary capacitor 18 with cover 

24 welded to case 22. Cathode conductor 36 is positioned between case 22 and 
cover 24 at upper rim 26. Cathode conductor 36 is welded in the interface 48 
between cover 24 and case 22, providing a mechanical and electrical connection to 



Attorney Docket 279.268US1 



6 



the container 20. The welded conductor 36, cover 24 and case 22 are welded 
together with a single bead 54. Optionally, the bead forms a hermetic seal between 
the cover 24 and case 22. 

Among other advantages, one or more of the embodiments described above 
provide a capacitor structure which reduces the space required for connecting and 
5 routing the cathode conductor and thus allows a reduction in the size of the 
capacitor, or alternatively an increase in its energy storage capacity. 

The embodiments described above show the cathode conductor electrically 
connected to the housing forming a cathodic housing. Alternative embodiments 
include positioning the anode conductor between the cover and case thereby 
10 connecting the anode layers and anode conductor to the housing forming an anodic 
housing. 

O An exemplary embodiment of a method to connect a cathode conductor to a 

01 

Ul capacitor housing is described below. The cathode conductor is connected to the 

— housing by positioning the conductor between the case and the cover; positioning 

f 15 the cover on the case; and attaching the cover to the case so that the conductor is 

electrically and mechanically connected to the housing. In addition, other 
Q embodiments include positioning the conductor between the case and the cover at 

Q the upper rim and attaching the cover to the case at the upper rim. In one 

embodiment, the case and the cover form an interface and the positioning of the 
20 conductor between the case and the cover is in the interface. In another embodiment, 
the attaching the cover to the case comprises welding or soldering the cover to the 
case. The cathode conductor is welded into place using a single bead during the 
welding of the cover to the case, eliminating a separate step of connecting the 
cathode conductor to the case. 
25 Fig. 6A shows a top view of a foil connection according to one embodiment 

of the present invention. In this embodiment, a wire connector 260 is attached to a 
major surface of an anode layer 110 along a portion of the wire connector's length. 
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In one embodiment, wire connectors are similarly connected to the cathode layers of 
the capacitor stack. In one embodiment, wire connector 250 is made of a high 
purity aluminum, and is a round wire and includes a diameter allowing the desired 
amount of bending and twisting as the connectors is routed through the capacitor 
case. 

5 Figure 6B shows a capacitor in accordance with one embodiment in which 

one or more round wire connectors 250 are connected to the cathode layers 120 and 
wire connectors 260 are connected to anode layers 110. The wire connectors may 
be made of high purity aluminum and are staked (or otherwise attached such as by 
welding, brazing, etc.) to the individual cathode and anode layers. 

10 Wire connector 250 and 260 connect like types of layers together and can be 

used to connect the layers to external terminals. In the figure, the wires connected to 
the anode layers exit the layers at one common location while the cathode layer 
wires exit together at a different location. The anode layer wires 260 and cathode 
layer wires 250 are then gathered into corresponding wire bundles 261 and 251, 

1 5 respectively. The bundles can then be twisted together into a cable that can be laid 
in any direction to be routed through feedthroughs 280 to terminal connections. In 
the figure, the anode layers 1 10 are electrically connected to positive terminal 160, 
and the cathode layers are electrically connected to negative terminal 150. By 
directly connecting the round wire connectors to the capacitor layers, there is no 

20 need for tabs that add to the space requirements of the capacitor case. 

In one embodiment, wire connectors 250 and/or 260 are insulated with the 
insulation removed at the point of bundling in order to electrically connect like types 
of layers together. In another embodiment, the wires are uninsulated and routed 
through the case via an insulated feedthrough hole. 

25 Advantageously, in one or more embodiments, the cathode and anode wires 

can be gathered into bundles and twisted into a cable that can be routed in any 
direction through a feedthrough of the capacitor case. This allows greater space 
efficiency and a smaller case for the capacitor. 
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Figure 7 shows capacitor 18 having a terminal connection 30 in accord with 
one embodiment of the present invention. In this embodiment, feedthrough 
conductor 34 is attached to the anode layers inside the case as described above. The 
cathode layers are connected to the case in this embodiment, and terminal connector 
30 is attached to the case in an end-on fashion by welding or brazing the end of the 
5 wire to the capacitor case. 

In one embodiment, terminal connector 30 includes a body having an end 
surface which is substantially perpendicular to the body. The end surface is 
positioned so that the end surface is flushly positioned against the surface of the case 
and is butt-welded to the case, wherein terminal connector is only attached to the 
10 case at its end surface and not along any portions of its body. 
63 In one embodiment, an expanded end 40 at the end of the wire is provided. 

Sj The expanded end 40 in this embodiment is in the shape of a nailhead with a flat 

*=~ 

^ surface for attaching to the case. The surface area of the expanded end is sufficient 

Ul to provide a securely welded connection while minimally altering the footprint of 

-ail 

m 15 the capacitor case. The overall volume of the device housing can thus be reduced, 

f . In Figure 8A, terminal wire 30 with an expanded end 40 at its end is attached 

H= directly to a capacitor case 20 by, for example, arc percussive welding or laser 

welding. 

In Figure 8B, expanded end 40 is attached with braze 16 to a piece of 
20 intermediate material 14 welded to the case 20. Both methods of attachment result 
in a low height profile that minimizes the amount of interconnect space required for 
connection of the capacitor to an external terminal. 

In the capacitors described above, the case is electrically connected to the 
cathode layers to form a cathodic or negative case. In another embodiment of the 
25 invention, a terminal wire with an expanded end is attached to an anodic case which 
is formed by the case inner surface being electrically connected to the anode layers 
of the capacitor. Also, although the invention has been described above with 
reference to electrolytic capacitors, the invention may also be used in conjunction 



m 
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with other devices such as batteries or other types of capacitors such as wet tantalum 
capacitors. The term capacitor, as used herein, should be interpreted to include 
those devices as well. 

Figure 9 shows one of the many applications for capacitors incorporating 
one or more teachings of the present invention: an implantable medical device 90. 
5 As used herein, implantable medical device includes any implantable device for 
providing therapeutic stimulus to a heart muscle. Thus, for example, the term 
includes pacemakers, defibrillators, congestive heart failure devices, and 
cardioverters. 

Device 90 includes a lead system 92, which after implantation electrically 
10 contact strategic portions of a patient's heart, a monitoring circuit 94 for monitoring 
heart activity through one or more of the leads of lead system 92, and a therapy 
circuit 96 which incorporates a capacitor 98 having one or more features of one or 
more embodiments of the capacitors described below. 

In addition to implantable medical devices and other cardiac rhythm 
15 management devices, one or more teachings of the present invention can be 

incorporated into photographic flash equipment. Moreover, one or more features 
can be includes in cylindrical capacitors. Indeed, the teachings are pertinent to any 
application where high-energy, high- voltage, or space-efficient capacitors are 
desirable. 

20 Although the invention has been described in conjunction with the foregoing 

specific embodiment, many alternatives, variations, and modifications will be 
apparent to those of ordinary skill in the art. Such alternatives, variations, and 
modifications are intended to fall within the scope of the following appended 
claims. 
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